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A study on the effect of dislocation on the magnetic properties 
of nickel using magnetic NDE methods 
R. Ranjan, O. Buck, and R. B. Thompson 
Ames Laboratory-u.s. Department of Energy, Iowa State University, Ames. Iowa 50011 
Dislocations affect the magnetic properties of ferromagnetic materials by pinning the domain 
walls. The primary mechanism is interaction between the stress fields of dislocation and 
domain walls. Using magnetic nondestructive methods, namely the acoustic Barkhausen noise 
(AB), magnetic Barkhausen noise (MB), and the hysteresis curves, we have studied these 
interactions. The three measurements give different types of information. AB provides 
information about non-180· type domain wall interaction, MB primarily provides information 
about 180· domain wall interaction, and the hysteresis curve about both these interactions as 
well as about rotation of domain walls. The paper presents results obtained on polycrystalline 
nickel which was first deformed and then annealed at different temperatures in order to 
achieve different dislocation densitieso The results show that AB and hysteresis loss follow the 
same trend as hardness. MB results, however, change in a more complex fashion which is 
sensitive to grain recrystallization as well as dislocation structure. Interesting features of these 
results will be discussed in detail. 
INTRODUCTION EXPERIMENTAL DETAILS AND RESULTS 
Magnetic domain walls carry a stress field (due to the 
exchange energy, magnetocrystalline energy and magnetoe-
lastic coupling) which interacts with the strain fields of dif~ 
ferent structural defects such as dislocations, precipitates, 
etc. It is the magnetostrictive coupling (and also the magne-
tostatic coupling if the defects are larger than the thickness 
of domain wans) between the structural defects and the do-
main walls that affect the movement of the domain walls 
and, therefore, the ferromagnetic properties. I The discontin-
uous motion of domain walls in ferromagnetic materials due 
to the interaction with defects generates bursts of magnetic 
induction, called magnetic Barkhausen noise (ME) and are 
detected by a coil surrounding the sample. In addition, 
bursts of acoustic emission, called acoustic Barkhausen 
noise CAB) are produced and are detected by a piezoelectric 
transducer. The defects not only interact with the domain 
walls, but also change the magnetic structure within the do-
mains. The effect of short-range and long-range stresses on 
the fluctuations of the direction of spontaneous magnetiza-
tion can be obtained from the micromagnetic equations us-
ing the minimization of total magnetic Gibbs free energy.2.3 
These fluctuations of the spontaneous magnetization affect 
the domain structure and thus the dynamics of domain walls 
generating MB and AB during magnetization. 
The experimental system used has been discussed in de-
tail elsewhere:5 The hysteresis curves were measured using a 
modified Walker MH-lO hysteresisgraph. The output from 
a search coil was connected to an MF-3A integrating volt-
meter to determine B, while the output from a Hall probe 
was connected to a MG-3A Gaussmeter to measure H. The 
magnetic field was controlled from an IBM PC personal 
computer via a Kepco SN-121 digital to analog converter 
and a Kepco BOP 72-5M programmable bipolar power sup-
ply. This experimental system has been described else-
where.6 
Simultaneous measurements of the residual magnetiza-
tion and the Barkhausenjumps in polycrystals show that the 
two are linearly related to one another and strongly in-
fluenced by defect structure:~ In the present work, deformed 
nickel samples were annealed at different temperatures in 
order to vary the dislocation density. However, the grain size 
also changes due to recrystallization, as will be discussed 
subsequently. The samples were then studied using the 
aforementioned magnetic NDE methods. 
Pure nickel samples were swaged (- 70% reduction in 
area) to a final diameter of 1/2 in. and a length to diameter 
ratio = 12.0. These samples were then annealed at different 
temperatures for the same lengths of time. The hysteresis 
(B-H) curves, and the MB and AB signals were recorded for 
AflneQ!i~g tIme;; 3 hrs. 
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Annealing Temp. (OC) __ 
FIG. I. Hardness (DPH) as a function of annealing temperature. 
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FIG. 2. Hysteresis curves of the samples. 
a 0.1 Hz magnetic field (H max = ± 110 Oe) with a triangu-
lar waveform; In these experiments, the samples were initial-
ly fully demagnetized and then the actual measurements 
were carried out. 
Hardness of all the samples was measured and is plotted 
in Fig. 1. The optical micrographs ofthese samples showed 
that the 350 and 425 ·C annealed samples underwent differ-
ent extents of recrystallization. The 500 ·C annealed sample 
was almost fully recrystallized and 600 ·C annealed sample 
showed some grain growth. The hysteresis curves for the 
samples are shown in Fig. 2. The hysteresis loss, area under 
the B-H curves derived from Fig. 2, has been plotted inFig. 3 
as a function of annealing temperature. The total number of 
counts of MB and AB signals over a predetermined thresh-
old has been shown in Figs. 4 and 5, respectively. 
DISCUSSION 
During early stages of annealing (corresponding to the 
low annealing temperature in this case), dislocations rear-
range themselves in a low-energy configuration called poly-
gonization. As the annealing temperature is increased, re-
crystallization of new strain-free grains in the prior 
coid-worked matrix begins and the dislocation density starts 
to drop. As shown in Fig. 1, in 350, 425, and 5oo·C annealed 
samples, dislocation density, as sensed by hardness, has a 
Annealinq time=3hrs. 
Freque""y of lhe Magnetic F,.td 
20.; Hz 
AH2±1I0 Oe 
Annealing Temp. ('C)-
FIG. 3. Hysteresis loss as a function of annealing temperature. 
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FIG. 4. Total number of counts of MB signals as Ii function of annealing 
temperature. 
decreasing trend due to an increasing extent of recrystalliza-
tion. Thus the changes in magnetic properties and MB and 
AB signals can be mostly attributed to the change in disloca-
tion density. 
Figure 2 shows that the hysteresis curves become nar-
rower with increasing annealing temperature. The partially 
recrystallized samples (350 and 425°C annealed) show 
"wasp waist" shaped hysteresis curves and have been inves-
tigated earlier using AB and MB signals. 5 In that study, it 
was concluded that this unusual shape was caused by the 
superimposition of the hysteretic response of two micro-
structurally different materials corresponding to the strain-
free recrystallized grains and the prior deformed grains. Re-
sults of the major loops of these samples for different f:JI, 
seem to support this. Figures 1, 3, and 5 show that the total 
number of counts of AB signals and the hysteresis loss follow 
the same trend as hardness. However, the total number of 
MB signals count in Fig. 4 does not follow the hardness 
curve, as indicated by the slope at low temperature and the 
high-temperature maximum. Since the AB signa! is mainly 
due to the sudden local change in magnetostrictive strain 
associated with the irreversible translation of non-I 80· do-
main walls, the results imply that the non-180· domain walls 
interact strongly with dislocations. On the other hand, 180· 
domain walls do not seem to show such Ii strong interaction 
with dislocations. Theoretical calculations 7 of magnetoelas-
tic interaction between dislocation domain walls indicate a 
stronger interaction with non-180· domain walls than with 
AnntQ!ing: hme!'!'. 3 hrs. 
Freq. of Magn,tic field 
,,0.1 Kz 
1'111,,,,110 O. 
FIG. 5. Total number of counts of AB signals as a function of annealing 
temperature. 
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1800 domain walls, consistent with our experimental results. 
Figure 4 shows a "vaHey" in the 300-500 ·C annealing 
temperature region which is the recrystallization region. 
This has also been observed in iron.s Two competitive pro-
cesses occur during recrystallization, namely the drop in dis-
location density and the nucleation of small recrystallized 
grains. As the dislocation density decreases, the number of 
pinning points for 1800 domain walls decreases and therefore 
the MB signal decreases. With the nucleation of small re-
crystallized grains, the average grain size decreases and the 
density of 1800 domain walls increases.9 It has also been ob-
served5 that the ME signals increase with decreasing grain 
size in nickel. Thus the two above mentioned processes have 
an opposite effect on the MB signal and thereby results into a 
"valley" in the recrystallization region, as shown in Fig. 4. 
However, this is not observed in the AB signals as the grain 
size change does not affect AB signals as strongly as it does to 
ME signals.:1 The "valley" in ME signal of nickel might be 
used for nondestructive estimation of the extent ofrecrystal-
lization in ferromagnetic materials by attaching the MB sen-
sor directly to the material undergoing annealing and run-
ning real time experiments. 
CONCLUSIONS 
Results show that AB signals and hysteresis loss in nick-
el follow the same trend as hardness. Thus they can be used 
to nondestructively measure the extent of deformation in 
nickel. Results ofMS signais show a "valley" in a recrystalli-
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zation region. This is due to a combined effect of change in 
grain size and dislocation density during recrystallization. 
The difference in the sensitivities of AB and MB signals to 
change in dislocation density is due to the difference in inter~ 
action of 1800 and non-I 80° walls with dislocations. Results 
support the theoretical calculations7 which show that non-
1800 domain walls interact more strongly with dislocations 
than 1800 domain walls. 
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